The current revolution of laparoscopic surgery has markedly altered the manners in how surgeons perceive and manipulate the anatomic tissues and planes of the human body. 1 The advent of laparoscopic surgery has generated a new field of live surgical anatomy called the laparoscopic anatomy, and understanding of systematic laparoscopic anatomy can provide the operating surgeons a clear procedural approach, and would immensely benefit the laparoscopic surgeons in training.
INTRODUCTION
The current revolution of laparoscopic surgery has markedly altered the manners in how surgeons perceive and manipulate the anatomic tissues and planes of the human body. 1 The advent of laparoscopic surgery has generated a new field of live surgical anatomy called the laparoscopic anatomy, and understanding of systematic laparoscopic anatomy can provide the operating surgeons a clear procedural approach, and would immensely benefit the laparoscopic surgeons in training. 2 The laparoscopic posterior approach does not follow the anatomy of the anterior approach for inguinal hernia repair, and this approach is also unfamiliar to the majority No doubt, the TEPP hernioplasty is now a wellrecognized technique with proven efficacy, reduced postoperative pain and low failure rate in addition to the early return to activity and work. 7 However, the operator often finds difficulties in execution of TEPP for no apparent reasons/cause, which are almost always attributed to lack of surgical skills or presence of adhesions. It is now increasingly recognized that despite the merits of laparoscopic hernioplasty, extra-peritoneal anatomy and dissection in the groin is poorly understood by the most practicing surgeons. 4, [7] [8] [9] [10] Inadequate understanding and improper dissection of pre-peritoneal anatomy is now regarded as the main cause of difficulties during total extraperitoneal preperitoneal (TEPP) hernioplasty for inguinal hernia with a long learning curve, leading to its lack of popularity despite the obvious advantages and better results. [7] [8] [9] [10] [11] In contrast to the general belief, anatomy of the groin is reported to be complex, especially in presence of anatomic variations reported by several investigators that received little/no attention of anatomists and practicing surgeons alike. 8, 10, [12] [13] [14] [15] In 2001, Robert Bendavid declared that 'Nothing goes as far forward preventing complications as the surgeon's awareness and fear of them'. 16 Recently the author has reported an exhaustive laparoscopic study on the anatomic variations in the posterior rectus sheath (PRS) observed during the TEPP hernioplasty. 17 Details of the intraoperative and postoperative implications of the PRS variations on the surgical technique and functional outcome of TEPP hernioplasty in patients with inguinal hernia are presented herein.
METHODS
In the Department of Surgery, J. N. Medical College and Hospital, Aligarh Muslim University, Aligarh, India, a prospective doctoral research study was conducted from April 2010 to November 2016 under the Institutional Ethics Committee clearance and written informed consent. The study recruited all consecutive adult patients with primary inguinal hernia who underwent the TEPP hernioplasty after fulfilling the inclusion and exclusion criteria. The inclusion criteria comprised of adult patients with uncomplicated primary inguinal hernia, adult patients of age 18 years and above, and adult patients with ASA Grade I and II only of American Society of Anesthesiologists. Patients less than 18 years of age, patients with high physiological score of ASA grade III-V, adult patients with history of lower abdominal surgery, adult patients with recurrent/ complicated inguinal hernia, adult patients with femoral hernia, and adult patients with refusal for the laparoscopic repair were excluded from the study.
Surgical approach for the TEPP hernioplasty comprised of the standard 3-midline-port technique as was consistently same as was followed and reported earlier by the author. [18] [19] [20] [21] [22] [23] CO2 insufflation at a low pressure of 12mmHg was started after placement of a blunt metallic 11mm trocar in the infra-umbilical region. Gentle unhurried methodical telescopic dissection was performed in the avascular plane of posterior rectus canal in order to make good visualization and careful observation of the posterior rectus sheath, forming the posterior boundary of the posterior rectus canal. After medial dissection up to the pubic symphysis, two 5mm plastic working ports were placed in the midline lower down after the needle confirmation and under direct vision, i.e., one port (third port) was placed two-finger breadth above the upper border of the symphysis pubis and the other (second port) in between the first and the second ports (Figure 1) . Thereafter, the further definitive dissection in the pelvic and inguinal regions was carried out gently and carefully, to create the wide preperitoneal space from the midline to the anterior superior iliac spine in order to place an adequate-size mesh. Mesh was frequently fixed with a single stitch of 3-0 polypropylene suture. Controlled slow deflation under vision was done to prevent infolding the edges of the mesh. N, needle inserted percutaneously under vision to ensure the correct site and the direction for insertion within a small limited space of posterior rectus canal; RF, well-defined diaphanous rectusial fascia covering rectus abdominis muscle anteriorly; C-PRS, grossly attenuated complete posterior rectus sheath extending up to the pubic bone; S, sign of lighthouse visible in the depth of the posterior rectus canal; (reproduced with permission from Ansari's thesis 25 ) Figure 1 : Percutaneous needle confirmation before placement of working port after initial telescopic dissection in the posterior rectus canal.
The study recorded the demographic data in terms of age, gender, weight (measured without footwear), height, and profession/occupation of the patients. Body mass index (BMI) was calculated by the Deurenberg's formula of weight in Kilogram divided by the square of the height in meters. 24 In case of an exigency, safety of the patient was considered paramount with early conversion protocol from TEPP to open repair/TAPP (Trans-Abdominal PrePeritoneal) laparoscopic repair. In addition to the conversion, intraoperative outcome measures included the surgical technique, the endovision/endoscopic vision (measured in visual analog score of 1-10), the ease of procedure (measured in visual analog score of 1-10), the operation time, the peritoneal injury, and the surgical emphysema and their correlations with the anatomic variations of the posterior rectus sheath. Postoperative outcome measures included the postoperative seroma, infection, chronic pain and the hernia recurrence and their correlations with the anatomic variations of the posterior rectus sheath.
Statistical package for social sciences (SPSS version 21) was utilized for the statistical analysis of the observed data. Data were computed as the Mean±SD (standard deviation) and a p-value of <0.05 was considered significant. All figures and tables are reproduced after slight modifications with permission from Ansari's thesis. Three female patients with inguinal hernia presenting in the study period were not considered for the TEPP repair because of the presence of one or more exclusion criteria. Three out of 63 male patients were excluded from the study because of an early conversion to the open/TAPP repair before sufficient details of the posterior rectus sheath could be documented. Reasons for conversion were early peritoneal injury by rather improper handling of first blunt trocar due to presence of a short posterior rectus sheath as detected on conversion to TAPP repair (1), early inadvertent injury to the deep inferior epigastric vessels by the rubbing with the roughened joint of Maryland dissector (1) and early excessive CO2 retention with resultant anaesthetic problem (1). Thus, the TEPP hernioplasty was successfully completed in a total of 60 male adult patients only.
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RESULTS
In the present study, the posterior rectus sheath (PRS) was documented in 12 subtypes one Classical subtype (46%), i.e., normal-length whole-tendinous (NWT), and 11 Variant subtypes (54%) ( Table 1 ).
The Variant PRS included (1) SWT, short whole tendinous (4.4%), (2) LWT, long whole tendinous (4.4%), (3) CWT, complete-length whole tendinous (8.8%), (4) NPT, normal-length partly tendinous (11.8%), (5) LPT, long partly tendinous (10.3%), (6) NTO, normal-length thinned out (1.5%), (7) CTO, completelength thinned out (4.4%), (8) NGA, normal-length grossly attenuated (1.5%), (9) CGA, complete-length grossly attenuated (4.4%), (10) CPT, complete-length partly tendinous (1.5%), and (11) CMT, complete-length musculo-tendinous (1.5%).
With respect to the PRS extent as well as PRS morphology, non-mirror anatomy of PRS was observed on the two sides of the body in 50% each; however, when PRS extent and morphology were considered together, non-mirror anatomy of PRS was documented on the two sides of the body in 75% of the 8 bilateral hernias who underwent bilateral TEPP hernioplasty ( Table 2 ).
Details of these anatomic variations of the posterior rectus sheath (PRS) proved exhaustive and hence have been reported separately elsewhere; 17 only their surgical significance and implications are outlined in the following paragraphs.
Demographic characteristics of patients
Mean age of the patients was 50.1±SD (17.2) years (Range 18-80 years). Mean BMI of the patients was 22.6±SD-2.0kg/m 2 (Range 19.5-31.2kg/m 2 ). Patients were by profession manual labourers (n=24), retired persons (n=9), office workers (n=8), students (n=7), farmers (n=6) and field workers (n=6).
In the present study, the posterior rectus sheath (PRS) anatomy did not vary with respect to the age and profession of the patients but did vary significantly with respect to their BMI, with short tendinous PRS occurring mainly in the overweight/ obese patients, the details of which has been reported elsewhere by the author. 
Modification in surgical technique
Under the standard posterior rectus approach for TEPP hernioplasty for the inguinal hernia, in presence of the classical incomplete PRS with a well-defined arcuate line, the telescope is easily guided into the preperitoneal space just below the arcuate line and then further dissection becomes avascular and straightforward. However, the surgical technique was required to be modified in three situations encountered in the present study, namely, presence of complete posterior rectus sheath (C-PRS), presence of long posterior rectus sheath (L-PRS) and presence of asymmetrical PRS anatomy on the contralateral side.
Creation of artificial arcuate line in presence of a complete PRS
As the complete PRS (C-PRS) was extending up to the pubic bone, an artificial arcuate was required to be created surgically by a combination of blunt/sharp dissection at about the level of the middle working port in order to gain entry into the requisite preperitoneal space and to get ample room for further definitive dissection 
Creation of artificial secondary arcuate line in presence of a long PRS
Presence of a long PRS (L-PRS) posed two problems. Firstly, as the arcuate low was found low in this situation, it increased the effective rectus sheath canal as reported earlier by the author, resulting in severe ergonomic problems for the laparoscopic instruments due to the wide fulcrum effects. 18 Secondly, the working space for manoeuvring as well as creation of adequate space for mesh placement was found severely restricted due to the low lying arcuate line if the dissection was tried the below the low arcuate line. Therefore, creation of an artificial secondary arcuate line surgically was warranted in order to proceed for development of an adequate and proper preperitoneal space, a scenario similar to that of a complete posterior rectus sheath (Figure 3 ). 
False sense of security on contralateral surgery
With respect to the PRS extent (asymmetrical in 50%), there were two cases of long incomplete PRS (LIC) on the contralateral side against the classical PRS (NIC) who required creation of an artificial secondary arcuate line more proximally, and t there were two cases of the complete PRS (C-PRS) on the contralateral side against the classical PRS (NIC) who required creation of an artificial arcuate line more at the level of the middle working port.
Asymmetry of the PRS morphology (37.5%) did not warrant change in the surgical technique except for more careful gentle dissection in view of the variably attenuated PRS on the opposite side in these cases.
Conversion
Overall incidence of conversion in the present study was 4.8 % of 63 patients posted for the TEPP hernioplasty.
However, only one out of the three conversions were found secondary to the anatomic variation of the short posterior rectus sheath with a high arcuate line which was detected on conversion to TAPP approach and visualized with a 5mm telescope through the lateral working port, resulting in an incidence of 33.3% of all conversions, or 1.6% of 61 patients if other two conversions secondary to the different reasons were excluded. Endovision differed very significantly (p <0.01) between the cases of the classical anatomy (NWT, normal-length whole tendinous incomplete PRS) and the cases of the variant anatomy (V-PRS) of the posterior rectus sheath (Table 3) . With respect to various subgroups of Variant-PRS morphology, the endovision in cases of the classical PRS was found statistically different (p<0.05) from that of cases of the grossly-attenuated PRS (GA-PRS) and the Partly-Tendinous (PT)/ Thinned-Out (TO) PRS; however, endovision in GA-PRS subgroup was not significantly different (p>0.05) from other variant subgroups of the PRS, namely, PT/TO, Long Partly-Tendinous (LPT), Long Whole-Tendinous (LWT), Short Whole-Tendinous (SWT), and Musculo-Tendinous (MT) which were also not significantly different from each other (p>0.05) with respect to the endovision. Endovision was also found significantly different among the 12 subgroups of the PRS based on the combined features of the PRS extent and morphology; their associations were very strong statistically (Figure 4 ).
In presence of the double-layer PRS, the endovision was significantly lower in comparison to that of single-layer PRS in the PT-subgroup of the posterior rectus sheath ( Figure 5 ).
Ease of procedure (EOP)
Overall mean EOP (ease of procedure) in terms of the visual analog score (VAS) of 1-10 was 7.27±2.05 VAS (Range 4.0-9.5 VAS). Ease of procedure (EOP) between complete and incomplete PRS groups was different statistically (p <0.001) ( 
Figure 5: Correlation between endovision and types of PRS-PT (partly tendinous posterior rectus sheath).
The EOP was also significantly different (p <0.01) between the Classical morphology and the Variant morphology of the posterior rectus sheath. Post Hoc Tests (Tukey HSD) showed that the EOP in the classical PRS category was, in reality, different significantly from the GA and PT/TO groups only but not from the Short-PRS (SWT) or Long-PRS (LWT/LPT). However, there was no statistical difference among the various Variant PRS morphologies with respect to the EOP except between the SWT and GA subgroups which were found statistically different (p <0.05) from each other. Pearson Chi Square correlation of the EOP was also highly significant (p <0.001) for both the PRS extent and the PRS morphology ( Figure 6 ).
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Operation time (OT)
Overall mean OT in the present study was 1.87±0.59 hours (Range 0.75-3.25 hours). With respect to the vertical extent of the posterior rectus sheath (PRS), there was no significant difference (p>0.05) in the operation time between the complete PRS and incomplete PRS subgroups; however, with respect to the morphology of the posterior rectus sheath (PRS), the difference in the operation time between the Classical PRS and Variant PRS subgroups (PT/TO, GA, SWT, LPT, LWT, MT) was very significant (p<0.01) ( Table 5 ).
Post hoc tests (Tukey HSD) analysis showed a significant difference (p<0.05) in the operation time between the Classical PRS morphology (NWT) and the Partly Tendinous PRS (PRS-PT); however, no statistical difference was found in the operation time either between the Classical morphology and other Variants, or among the different Variants of PRS morphology. The Pearson Chi-Square analysis also did not reveal any significant correlation between the operation time and the 12 groups of PRS anatomy (combined extent and morphology), although their linear association was very significant (p<0.01) (Figure 7 ).
In presence of the double-layer PRS, the operation time was not significantly different (p >0.0.5) in comparison to that of single-layer PRS in the PT-subgroup of the posterior rectus sheath.
Peritoneal injury (PI)
In the present study, intra-operative peritoneal injury (PI) during the TEPP hernioplasty occurred in 17 out of 60 patients, resulting in an overall incidence of 28.3%. Incidence of the peritoneal injury (PI) was not different significantly between the Classical and Variant types of the posterior rectus sheath (Table 6 ). Post Hoc Tests (Tukey HSD) also did not reveal any significant differences among the different Variant subgroups of the posterior rectus sheath.
NWT, normal-length whole-tendinous (Classical); SWT, short whole-tendinous; LWT, long whole-tendinous; CWT, complete whole-tendinous; CMT, complete musculo-tendinous; NPT, normal-length partly tendinous; LPT, long partly-tendinous; CPT, complete partly-tendinous; NTO, normal-length thinnedout; CTO, complete thinned-out; NGA, normal-length grossly attenuated; CGA, complete grossly attenuated; (Pearson CHISQ  CC 
Surgical emphysema (Emphy)
In the present study, intra-operative surgical emphysema developed in 11 out of 68 TEPP hernioplasties, leading to an overall incidence of 16.2%. With respect to the two groups of the PRS extent (incomplete vs. complete), there was no significant difference in the incidence of the surgical emphysema (Table 7) . Post Hoc Tests (Tukey HSD) analysis also did not show any significant difference among the 3 variant types (LIC, SIC and C) of the PRS extent. However, the occurrence of the surgical emphysema was significantly more (p <0.05) in presence of the Variant morphology (PT, TO, GA, MT) of the posterior rectus sheath (V-PRS) as compared to that of the classical PRS (NWT) ( Table 7 ) (Figure 8 ). When the morphology and extent of the PRS were considered together, significant difference was found in the incidence of the surgical emphysema among the 12 subtypes, and the Pearson Chi-Square Correlations also revealed very significant difference among them ( Figure  9 ).
Post-operative seroma
Present study documented occurrence of post-operative seroma in 7 out of 68 cases of the TEPP hernioplasty, resulting in an incidence of 10.3%. The incidence of the seroma was not different significantly (p>0.05) between the classical and variant types of the posterior rectus (Table 8) . 
Post-operative infection
Postoperative superficial infection at the port site was observed in 4 out of 60 patients, leading to an incidence of 6.7% in the present study. All of them were mild in nature and resolved with simple dressings and antibiotic treatment in 3-5 days. No other type of sepsis was observed in the present study. Incidence of postoperative infection did not differ significantly with respect to the various subtypes of the posterior rectus sheath anatomy.
Post-operative chronic inguinal pain
In 1 out of 60 patients (exactly the 43rd in the consecutive order), the moderate pain in the groin radiating to the ipsilateral testis, suggestive of an injury to the genital branch of the genito-femoral nerve, persisted beyond 3 months, requiring oral analgesics often. Video review suggested the possibility of this nerve injury during the parietalization of the cord structures. The pain resolved almost fully with conservative treatment in about 9 months' time. This patient had a variant PRS in the form of normal-length partly tendinous type (NPT-PRS).
Recurrence of hernia
There was no recurrence of inguinal hernia after TEPP hernioplasty in the mean follow-up period of 33±SD (17) 
DISCUSSION
In the current era of evidence-based medicine where each and every bit of information about the human body is researched and cross-examined, it appears strange to document that to the best of the knowledge, there is no clinical report cited in the literature regarding the clinical/surgical significance of the anatomic variations in the posterior rectus sheath, despite the present revolution of the laparoscopic surgery encompassing almost all parts of the body. Therefore, the discussion is limited to their own data only in the following paragraphs.
Present study found a significant difference in the degree of endoscopic vision (endovision) and the EOP among the 12 subtypes of posterior rectus sheath anatomy in general (Figure 4 and 6) ( Table 3 and 4) . During analysis of the PRS extent variations only, the endovision and the ease of procedure (EOP) were found significantly less in presence of the complete PRS as compared to the incomplete PRS ( Figure 11 and 12) ; moreover, the endovision and EOP were also significantly less in presence of the long PRS as compared to the classical or short PRS. The variations in the PRS extent did not affect other functional outcomes of operation time, peritoneal injury, surgical emphysema, postoperative pain, infection and pain (Table 9) .
NWT, normal-length whole-tendinous; SWT, short wholetendinous; LWT, long whole-tendinous; CWT, complete wholetendinous; CMT, complete musculo-tendinous; NPT, normallength partly tendinous; LPT, long partly-tendinous; CPT, complete partly-tendinous; NTO, normal-length thinned-out; CTO, complete thinned-out; NGA, normal-length grossly attenuated; CGA, complete grossly attenuated; (Pearson CHISQ  CC The secondary effects of the PRS morphology variations were differential in nature. Variant PRS morphology adversely affected not only the endovision and ease of procedure but also the OT and incidence of the surgical emphysema, although other complications (peritoneal injury, seroma, and wound infection) were not affected ( Table 9 ). The various functional changes secondary to the variant anatomy of the posterior rectus sheath are illustrated in Figure 13 .
It is of interest to note that in presence of a double-layer PRS, there was a reversal of phenomenon with respect to the endovision which was found significantly lower with strong association as compared to that observed in presence of the single layer PRS ( Figure 5 ). All other functional parameters were either adversely affected (e.g., surgical emphysema) or not affected significantly in presence of a double-layer PRS. Present study has two limitations, Firstly, the present study is solely based on adult male patients only because the female patients could not be recruited in the study due to certain exclusion criteria although inguinal hernia is less common in the females. Secondly, the sample size of the present study is rather small in view of the fact that inguinal hernia repair inclusive of both open and laparoscopic techniques is the most common general surgical procedure performed worldwide. 
CONCLUSION
Anatomic variations in the PRSs are frequent in both its extent and morphology, and warrant due respect because of their significant intraoperative surgical implications and postoperative clinical consequences.
Keen observation, timely recognition of anatomic variations and judicious dissection are essential keys and are strongly recommended to reach the requisite surgical pre-peritoneal space in order to minimize complications and to improve faster learning for smooth conduct of the well-organized TEPP hernioplasty with ease, safety,
